Abstract A few studies have shown that cementing the stem enhances fixation of the tibial baseplate in total knee replacement (TKR). Even the horizontal technique has been shown to provide good fixation. We used radiostereometry to study migration of the tibial component in 30 knees operated with Profix TKR. The knees were randomised for either complete (both under the baseplate and around the stem) or horizontal (only under the baseplate) cementing of the tibial component. At two years the tibial baseplate rotated externally a median of 0.18°in the uncemented stem group and internally a median of 0.23°in the cemented stem group. The tibial baseplate subsided 0.14 mm in the cemented stem group, and no translation was seen in the uncemented stem group. The differences in migration were small and probably without clinical significance. The findings do not favour either of the cementing techniques in TKR.
Introduction
A stem in the tibial component decreases stress in the proximal tibia [3] . Cementing the stem could be expected to increase stress shielding in the proximal tibia [15] , reduce bone mineral density and thus increase late migration. However, Hyldahl et al. showed in a radiostereometry (RSA) study that fixation was better at the two-year followup if the tibial stem was cemented [7, 8] . In vitro studies have shown less micromotion when complete cementing is used [2, 10, 12] , but Peters et al. did not confirm this finding in a cadaver study [13] .
Low migration values [1, 4, 16] and even excellent tenyear clinical results [11] have been recorded when a horizontal cementing technique has been used. Therefore cementing the stem might be questioned as this approach makes removal of the tibial component at the time of revision more difficult and may cause subsequent bone loss
As the choice of cementing technique is controversial in terms of early and long-term fixation, we aimed to measure the tibial component migrations with RSA at two years after total knee replacement (TKR) and compare the migration between horizontal and complete cementing techniques in a prospective randomised study.
Materials and methods
The patients in this study underwent primary TKR using the cemented PROFIX Total Knee System (Smith & Nephew, Memphis, TN, USA). Exclusion criteria were inflammatory arthritis, prior tibial osteotomy or patellectomy and age greater than 75 years. The knees were randomised for either complete (both under the baseplate and around the stem) or horizontal (only under the baseplate) cementing of the tibial baseplate. The study included 38 knees: 17 had complete cementing and 21 horizontal only.
Three patients failed to attend the two-year follow-up. Furthermore, we excluded four patients in the uncemented and one in the cemented group because of inadequate quality of RSA X-rays (>0.29 for mean error or >130 for condition number), which means that we finally analysed 15 knees in each group. In the uncemented stem group the first RSA examination was obtained in three knees at six months and the migration of these components presented only between one and two years.
The operations were performed by two of the senior authors, DW and BN, using a central incision, medial approach and intramedullary guide for both femur and tibia. Palacos G® cement was used and the patients cofined in bed for 24 hours before mobilising with weight-bearing as tolerated. Demographic data are presented in Table 1 .The study was approved by the local Ethics Committee.
Radiostereometry
Four to five spherical tantalum markers (size 1.0 mm) were inserted into the proximal tibia and the polyethylene component, respectively, during surgery. RSA radiographs were taken one to three days postoperatively to establish baseline position, thereafter at six months and one and two years postoperatively. A uniplanar X-ray technique with Cage 43 and UmRSA 6.0 (RSA Biomedical, Umeå, Sweden) was used for X-rays and analysis. Radiographs were taken by using two X-ray tubes separated into 45°a ngulations and positioned at the knee to expose the knee simultaneously from the side.
The relative motions of the tibial component were calculated using the tibial bone markers as a fixed reference segment. Rotation around the transverse, longitudinal and sagittal axes represented migration of the tibial component and was evaluated as both signed and absolute values. Migration at two years and between one and two years was measured since the latter is prognostic for later loosening [14] . The mean condition number of the tibial bone markers was 65 (range: 34-126) and that of the polyethylene insert markers 49 (range: 21-123). The mean error of the tibial bone and insert markers were 0.17 mm (mean, range: 0.05-0.27) and 0.14 mm (range: 0.04-0.25).
Radiographic evaluation
Posterior slope and varus-valgus tilting of the tibial baseplate [5] as well as hip-knee-ankle angle (HKA) [6] were measured on X-rays.
Clinical evaluation
An independent and blinded observer measured the Knee Society knee score (KSKS) and Knee Society functional score (KSFS) [9] preoperatively and two years after the operation.
Statistics
The Mann-Whitney test was used and p values less than 0.05 were regarded to represent statistically significant differences. Stepwise linear regression was used to evaluate influence of age, gender, HKA and varus-valgus tilting and posterior slope of the tibial baseplate on migration.
Results
At two years the tibial baseplate rotated externally a median of 0.18°in the uncemented stem group and internally a median of 0.23°in the cemented stem group (p=0.01), but absolute rotation (no direction counted) showed no statistically significant difference between the groups (p=1.0) ( Tables 2 and 3 ). The tibial baseplate subsided 0.14 mm in the cemented stem group, and no translation was seen in the uncemented stem group (p= 0.02), but absolute translation did not differ (p=0.9). No other statistically significant differences in migration were seen, p>0.2. We defined knees as outliers if rotation or translation at least around two axes was more than the mean value + 2 SD. In the uncemented stem group there was one outlier (translation medially 0.66 mm, subsidence 1.18 mm, rotation to valgus 1.83°), and the component was defined to be loose on the X-rays. In the cemented stem group two outliers (1: subsidence 0.41 mm, rotation to varus 0.98°, 2: translation anteriorly 0.95 mm, internal rotation 0.98°, rotation to varus 1.41°) when migration at two years was evaluated. There were no statistically significant differences in migration between one and two years between the two groups (p>0.09). The migration values were generally small, but two outliers were found in both groups.
Stepwise linear regression analysis revealed that tilting of the tibial baseplate predicted translation on the longitudinal axis (adjusted R 2 =0.27, p=0.01) and rotation around the sagittal axis (adjusted R 2 = 0.30, p = 0.006). With increasing varus tilting translation on the longitudinal axis and rotation on the sagittal axis increased.
Radiographic results
Radiographic evaluation did not reveal any statistically significant differences between the groups (p>0.2) ( Table 1) .
Clinical results
The KSKS or KSFS at two years did not differ statistically between the groups (p>0.2) ( Table 1) . One patient with a cemented stem had a poor KSFS of 20 points because of severe lower back pain. Two patients had postoperative wound infection, but there had been no revisions by the two-year follow-up.
Discussion
Whether the stem of the tibial component should be cemented remains controversial. Reducing implant micromotions and obtaining full stability of the tibial tray postoperatively reduces the risk of loosening and is hence of major importance. Some in vitro studies have shown improved fixation when cementing the stem. Bert et al. [2] reported that significant micromotion occurred if the stem was uncemented and the thickness of the cement mantle under the tray was 1 mm. If the cement mantle was 3 mm thick or the stem was cemented, the micromotion decreased significantly. Also cadaver studies by Jazrawi et al. [10] and Luring et al. [12] revealed significantly increased micromotion when only cementing the tibial baseplate. Contrary to these in vitro studies, Peters et al. did not find less micromotions when cementing the stem in cadaver knees [13] . Caution should be executed in extrapolating the results of in vitro studies to clinical practice as only a few in vitro studies show superior fixation with full cementing, and the set-up of vitro studies are quite different from the clinical situation.
Kolisek et al. reported excellent ten-year clinical results in a study on 51 TKAs with proximal cementing of the tibial component [11] . The mean Knee Society score (KSS) was 93 points, and there were progressive tibial radiolucencies in only one knee. In this study all the TKAs were secured using the horizontal cementing technique. To our knowledge there are few earlier clinical randomised studies comparing horizontal and complete cementing techniques. Hyldahl et al. studied fixation of metal-backed and all-polyethylene tibial components and found that the migration was less at two years when using complete cementing [7, 8] .
We could not confirm the results of Hyldahl et al. We found that while the tibial component rotated in different directions around the longitudinal axis, the magnitude of rotation did not differ between the groups. The reason for the difference in the direction of rotation is not clear and probably has no clinical relevance. Even translation on the y-axis differed between the groups, the cemented stems showing a median subsidence of 0.14 mm whereas the uncemented stem group had a median translation near 0 mm. However, the clinical relevance of this finding is uncertain as the migration values were low. In both groups there were knees with large migration values indicating a risk of loosening, but neither uncemented nor cemented stems were overrepresented as outliers, and migration between one and two years did not differ between the groups.
Increased varus tilt of the tibial baseplate predicted increased migration, showing the importance of proper alignment of the component.
The main drawback of our study is the small number of knees studied. Statistically significant differences might have been detected with a larger number. Furthermore, the depth of cement penetration and the thickness of the cement layer were not fully controlled.
In our study the differences in migration found between the uncemented and cemented stem groups were small. The early results of the study do not differentiate between either of these techniques; hence, we believe that a larger number of cases and longer follow-up are needed.
